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What turned you to biology 
in the first place? It was a 
gradual process. In school in 
Vienna, having survived World 
War II, I planned to enter a 
profession and felt attracted to 
biochemistry without knowing 
all that much about it. I studied 
chemistry — there was no 
biochemistry curriculum — and 
did biochemistry research for 
my thesis. My advisor Otto 
Hoffmann-Ostenhof — some of 
my contemporaries from Vienna 
will remember him — had an 
international outlook and helped 
guide me to postdoctoral studies 
in the US, which I did with Jack 
Buchanan at MIT. MIT was a bit 
of culture shock — every postdoc 
acted as if he was on a straight 
path to the Nobel Prize! I learned 
a lot, about science and the 
excitement of doing science, and 
it made me want to move closer 
to biology.
In my second year at MIT, an 
odd course of events determined 
my future. I read a paper — I’ll 
not provide a citation for reasons 
that will soon be clear — that 
reported the induction of 
epithelial–mesenchymal transition by a purified factor. I found this 
very exciting: if development 
could be affected by a substance 
you can isolate, there was a future 
for a biochemist in embryology! 
So I asked around and learned 
that the person to contact 
was James Ebert, Director of 
the Carnegie Department of 
Embryology. And he was in 
Woods Hole for the summer, 
where that very Saturday a 
mini-symposium on embryonic 
induction was to be held. So I 
got up uncharacteristically early 
and drove to Woods Hole, only 
to witness at the symposium 
the retraction of the study that 
brought me there! But it ended 
well for me — I did meet Jim 
Ebert, and he invited me to 
Baltimore to visit the department 
he headed, which he was in the 
process of transforming from a 
focus on traditional embryology 
to a more molecular orientation. 
The symbol and agent of this 
change was Don Brown, who had 
joined the department a couple 
of years earlier. Don introduced 
me to working with Xenopus, and 
he greatly influenced my choice 
of research when I joined the 
Carnegie department later this 
year. The general direction of my 
work has been set ever since.
While reminiscing I want 
to mention two others who 
influenced my career. When the 
pesky J-1 visa interrupted my 
Carnegie stay I spent two years in 
Wolfgang Beermann’s department 
in Tübingen. Beermann, who 
pioneered the study of puffing in 
insect chromosomes, influenced 
my thinking about science in 
many ways. The other person 
was Bob Goldberger — when the 
time came for me to move from 
Baltimore, it was Bob who brought 
me to the NIH, which has been my 
home ever since.
If you knew what you know 
now, would you still pursue 
the same career? Yes! Mostly 
by good luck I found myself in 
an exciting field at the right time 
and place. Would I advise young 
scientists today to follow a similar 
course? Yes, but not without 
some reservations. Times have 
changed. Some things are easier 
(believe it or not), but others are harder. A career in basic research 
is not for everyone, but I believe it 
can be as rewarding in the future 
as it has been in the past. 
Do you have a scientific hero? 
If the field is open to all of history, 
the answer — as for every 
biologist, I should think — can 
only be Charles Darwin. But I 
want to restrict myself to people 
I have known. Close friends 
and colleagues come quickly 
to mind, such as Don Brown 
and John Gurdon, but before I 
embarrass them further I shall 
speak about Ed Lewis. Ed Lewis 
always embodied for me the 
ultimate qualities of a scientist. 
Astonishing insight and originality, 
a deep commitment to his work 
based on intrinsic interest in 
the questions and the answers, 
personal modesty not to be 
confused with any uncertainty 
about the importance of his work, 
and collegiality — all of these 
admirable characteristics and 
more applied to Ed Lewis. I shall 
always be grateful that I had the 
chance to know him.
Do you have a favorite paper? 
I have two, and one is by the 
subject of the previous answer: 
Ed Lewis’s 1978 Nature paper ‘A 
complex controlling segmentation 
in Drosophila’. The other is the 
1980 Nature paper ‘Mutations 
affecting segment number 
and polarity in Drosophila’ by 
Christianne Nüsslein-Volhard and 
Eric Wieschaus. Much work and 
many papers have led from the 
state of developmental biology 
in 1962, when I first entered the 
field, to its state today. These 
two papers encapsulate this 
progress like no other, and 
their sweep is awe inspiring. 
Ed Lewis assembles a large body 
of work into a broad picture of 
the genetic control of pattern 
formation that sets the stage 
for all that follows in the field. 
He also predicts correctly the 
common origin of homeotic 
genes, a concept that was fully 
realized with the discovery of the 
homeobox and the insights into 
the evolution of pattern formation 
that flow from it. Discussing the 
impact of the Nüsslein-Volhard 
and Wieschaus paper could 
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What is a hummingbird? 
Hummingbirds (Family 
Trochilidae) are some of the 
most spectacular New World 
birds and are often referred to as 
jewels because of their bright, 
iridescent colouration and their 
small size. The Indians of Central 
and South America called them 
ourissa (rays of the sun) and their 
scientific names often reflect 
thoughts of the sun, stars and 
precious stones. Most of the 
more than 330 species are small, 
typically weighing just a few 
grams. The smallest is the Bee 
Hummingbird, Calypte helenae, 
from Cuba which, at just two 
grams, is the smallest bird of all; 
of its nine centimetres from tip 
to tail, its bill accounts for over a 
centimetre and its tail more than 
six centimetres. Hummingbirds 
can come in larger sizes though: 
the giant of all hummingbirds is 
Patagona gigas, from Chile, which 
at 21–22 centimetres in length is 
the size of a starling. 
The name hummingbird comes 
from the 35–100 Hz sound made 
by the rapid beating of their 
wings as they fly; a three gram 
hummingbird beats its wings 
an astonishing 50–70 times per 
second. Males are polygynous 
and sometimes promiscuous, and 
during their courtship displays an 
additional 3–10 kHz sound can be 
produced by air moving over the 
tips of modified feathers at the 
end of their wings. 
Where would I find one? 
Hummingbirds originated in the 
Andes and have since spread 
throughout the Americas. Their 
fossil record is poor, with only a 
few bones from the Quaternary 
of Central America, although 
a recent finding in clay pits in 
Germany would suggest that 
hummingbird-like animals existed 
in the Old World 30–34 million 
years ago. Whereas most of 
Quick guide the North American species overwinter in the southern United 
States or points further south, 
making short migrations to breed, 
several species migrate over two 
thousand miles to the north to 
breed. The rufous hummingbird 
wins the long distance record, 
making an annual journey from 
northern Mexico as far as Alaska, 
following the chain of mountains 
north, just as the snow melts. 
Although one usually associates 
these small birds with warm 
places, they are better able to 
deal with variation in temperatures 
than many other small animals. In 
the middle of May, for example, 
when the rufous hummingbird 
arrives at its breeding grounds in 
the Canadian Rocky Mountains, 
the temperatures are still often in 
single figures (°C) and the ground 
sometimes covered in snow. 
Even a few weeks later, when 
temperatures have warmed up, 
females often have to contend 
with snowfall in the middle 
of incubation. Even in these 
conditions, the two pea- sized 
eggs are kept at least 25°C 
warmer than ambient temperature, 
thanks to the female’s body 
heat, around 39°C, and the 
effective nest insulation. Yet by 
July, when the adult males leave 
the breeding grounds on their 
journey to Mexico, the midday 
temperatures are often above 
30°C. They are able to deal with 
cold temperatures because their 
feathers provide some of the 
best avian insulation, with more 
feathers per inch of surface than 
other small- to medium-sized 
birds. Furthermore, they can 
go into torpor to lower their 
metabolic rate, maintaining body 
temperature at about 12°C when 
he ambient temperatures drop 
below 10°C. 
The long distance migratory 
hummingbirds also require rapid 
fat acquisition prior to departure 
and during the stopovers during 
the journey. These birds can gain 
as much as 72% of their body 
weight in fat before migrating 
(fat is used in preference to 
carbohydrate because it provides 
twice the efficiency per gram of 
weight lifted). They have the most 
metabolically active liver known, 
with the highest levels of enzymes easily fill an article or, indeed, 
a monograph. This systematic 
screen for developmental 
mutations has revolutionized 
developmental genetics, and it 
provides a veritable Who’s Who 
of developmental regulatory 
genes, each of which has given 
rise to an entire cottage industry 
of research. Of course the two 
papers also led directly to a Nobel 
Prize, which just means that they 
have good taste in Stockholm.
I also have a favorite lecture. 
The clear choice is Francis Crick 
in 1962, presenting genetic 
studies on the triplet nature of 
the genetic code in a blackboard 
lecture without slides. The 
clarity, elegance and excitement 
of this talk that guided the 
audience through the logic of the 
experiments has remained vivid in 
my memory ever since.
Can you see any major 
problems in the biological 
research enterprise? There are 
many, of course. I want to mention 
one that, at least at some level, 
can be influenced by the research 
community itself, rather than 
depending on society as a whole. 
It is the imbalance, as it appears 
to me, between jobs available at 
different stages of a scientist’s 
career. Most universities, I am 
told, are looking for graduate 
students. Most labs, I know, are 
looking for postdocs. Yet after 
completing postdoctoral training, 
many biologists find that a suitable 
job for the next stage of their 
career is beyond reach. The most 
accomplished are still in wide 
demand, but many competent 
young scientists find themselves 
in precarious circumstances. 
It seems clear to me that ‘the 
system’ has arranged it in such 
a way that there are too many 
openings for postdocs and too 
few for subsequent long-term 
employment. I have no easy 
solution — or even a difficult 
one — but I believe that as a 
community we need to face this 
problem if we want to see a healthy 
scientific enterprise in the long run.
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